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
:HSURSRVHWKHDSSOLFDWLRQRIGLIIHUHQWILUPV¶SHUIRUPDQFHPHDVXUHPHQWVSURYLGLQJ
XVZLWK WKHDELOLW\ WRXQSDFND ILUPV¶PDQDJHULDOGHFLVLRQSURFHVVHVZLWKUHJDUGV WR
GHWHUPLQLQJWKHRSWLPLVHGLQYHVWPHQWVLQWHFKQRORJ\DQGUHVHDUFKDQGGHYHORSPHQW
DQG ZLWK D SDUWLFXODU IRFXV RQ NQRZOHGJHLQWHQVLYH EXVLQHVV VHUYLFHV .,%6 DQG
FDSLWDOLQWHQVLYHEXVLQHVVVHUYLFHV&,%6

.H\ZRUGV PDQDJHPHQW GDWD HQYHORSPHQW DQDO\VLV '($ ILUP SHUIRUPDQFH
PXOWLQDWLRQDOLW\

 


,QWURGXFWLRQ

7KHFRQFHSWRISURGXFWLYLW\ LV WKHH[SHFWHG LQGLFDWRURIHIILFLHQF\ LQDQ\SURGXFWLRQEDVHG
V\VWHP\HWWKHYDULRXVOHYHOVRIDQDO\VLVXVHG±LQGLYLGXDOFRPSDQ\VHFWRUGLVFLSOLQHUHJLRQ
QDWLRQDODQGLQWHUQDWLRQDO±DUHRIWHQVXEMHFWHGWRGLIIHUHQWDQGGLIIHULQJLQWHUSUHWDWLRQV$VD
FRQVHTXHQFHLWLVGLIILFXOWWRPHDVXUHWRWDOSURGXFWLRQIDFWRUV:KLOVWDQXPEHURISDUDPHWULF
DQG QRQSDUDPHWULF DSSURDFKHV KDYH EHHQ XVHG WR DFFRPPRGDWH WKH FRPSOH[LW\ DVVRFLDWHG
ZLWK PHDVXULQJ SURGXFWLYLW\ HDFK KDV OLPLWDWLRQV DQG EHQHILWV 5HJDUGOHVV RI WKH PHWKRG
DGRSWHGWKHFRUUHFWLGHQWLILFDWLRQRILQSXWDQGRXWSXWLQGLFDWRUVLVFULWLFDOIRUWKHUHOLDELOLW\RI
UHVXOWV$SSURDFKHVWRFDSWXUHDQGPHDVXUHSURGXFWLYLW\DUHFRQVWUDLQHGE\DQGDUHJHQHUDOO\
VWHHSHGLQWKHWKLQNLQJRIWKHPDQXIDFWXULQJHUD

7KHFHQWUDOLW\RIPHDVXULQJHIILFLHQF\LVJURXQGHGLQWKHPDWKHPDWLFDODQGLQGXVWULDOHUDPLQG
VHWµZKDWFDQHDVLO\EHFRXQWHG¶ZKLFKZHDFNQRZOHGJHDVEHLQJLPSRUWDQWEXWZHSURSRVH
WRRIIHUDPRUHQHROLEHUDODSSURDFKWKDWIRFXVHVRQHYDOXDWLQJµZKDWUHDOO\FRXQWV¶DQGSRVLWV
WKH LPSRUWDQFH RI V\VWHPLF HFRQRPLF WKHRU\ UDWKHU WKDQ MXVW PDWKHPDWLFDO WKHRU\ 7KLV LV
LPSRUWDQWWRRSHUDWLRQVPDQDJHUVZKHQIRFXVLQJRQSURGXFWLYLW\PD[LPLVDWLRQDVH[DPLQLQJ
WKHSHUIRUPDQFH±PXOWLQDWLRQDOLW\ UHODWLRQVKLSVJLYHQSRVWLQGXVWULDOHFRQRPLHV¶SURGXFWLRQ
V\VWHPV DUH QRZ EHFRPLQJ LQWHUWZLQHG ZLWK WKH NQRZOHGJH ELJ GDWD DQG LQIRUPDWLRQ
ODQGVFDSHV 2SHUDWLRQV PDQDJHUV DUH GLUHFWO\ UHVSRQVLEOH IRU FRQWULEXWLQJ WR WKHLU
RUJDQLVDWLRQV
ILQDQFLDOSHUIRUPDQFH8QGHUVWDQGLQJWKHPRVWRSWLPLVHGLQYHVWPHQWVWUDWHJ\
SRVVLEOHLQRUGHUWRREWDLQDQGOHYHUDJHWKHEHQHILWVRI5HVHDUFKDQG'HYHORSPHQW5	'LQ
WHUPVRIWHFKQRORJ\HQDEOLQJLQWHUQDWLRQDOLVDWLRQLVFULWLFDO:HFRQWHQGWKHUHFRPHVDWLSSLQJ
SRLQWZKHQWKHFRVWVRXWZHLJKWKHEHQHILWVDIWHUFULWLFDOOHYHOVRILQWHQVLW\DQGGLYHUVLW\

0HDVXULQJRUJDQLVDWLRQDOSHUIRUPDQFHWHQGVWRIRFXVRQVWDNHKROGHUVKHWHURJHQHRXVSURGXFWV
PDUNHW FRQGLWLRQV EXVLQHVV LPSDFWV DQG WKH LPSDFW DQG HIIHFW RI WLPH RQ DFWLYLW\ DQG
SHUIRUPDQFH2SHUDWLRQVPDQDJHUVKDYHKLVWRULFDOO\GHSOR\HGFRPPRQO\DFFHSWHGPHDVXUHV
DQGPHDVXULQJSURWRFROVVXFKDVLQWHOOHFWXDOSURSHUW\SDWHQWV\HWGHVSLWHWKHOLPLWDWLRQVDQG
LQDFFXUDFLHV KDYLQJ EHHQ SUHVHQWHG LQ WKH OLWHUDWXUH HDFK DSSURDFK KDV EHHQ EHVHW E\
HSLVWHPRORJLFDOPHWKRGRORJLFDODQGSUDFWLFDOGLIIHUHQFHVWRGDWH



2XUFRQFHSWXDOSUHPLVHLVWKDWWKHUHLVDPXFKQHHGHGUHQHZHGDELOLW\WRHPSLULFDOO\FRPSDUH
WKHSHUIRUPDQFHRIILUPVLQRUGHUWRLGHQWLI\SHUIRUPDQFHJDSVDQGLPSURYHPHQWRSSRUWXQLWLHV
7KLVDUWLFOHFRQWULEXWHVWRILOOLQJDJDSLQWKHOLWHUDWXUHDQGLQSUDFWLFHE\LGHQWLI\LQJDSSURSULDWH
PHDVXUHVDQGKRZWKH\VKRXOGEHFRPELQHGDQGXVHGWRPHDVXUHGLIIHUHQWILUPV¶SHUIRUPDQFH
FRPSDUDWLYHO\ 7KLV ZLOO DOORZ IRU PRUH PHDQLQJIXO FRPSDULVRQV RI WKH SHUIRUPDQFH RI
GLIIHUHQWILUPVRSHUDWLQJLQGLIIHUHQWVHFWRUVDQGJHRJUDSKLFDOUHJLRQV

([LVWLQJVWXGLHVRQFDSWXULQJDQGPHDVXULQJRUJDQLVDWLRQDOSHUIRUPDQFHHJ&KDWKDDQG%XWW
RSHUDWHIURPDWUDQVQDWLRQDOFRPSDULVRQVSHUVSHFWLYH7KHUHLVDFRQVHQVXVWKDWDILUP¶V
LQWHUQDWLRQDOLVDWLRQKDVDQXPEHURIEXVLQHVVFRUSRUDWHDQGVRFLDODGYDQWDJHVDQGWKDWLWOHDGV
WRWKHLPSURYHPHQWRILWVSHUIRUPDQFHWKURXJKRUJDQLVDWLRQDOOHDUQLQJPDUNHWH[SDQVLRQULVN
GLYHUVLILFDWLRQ WHFKQRORJLFDO WUDQVIHUDQG WKHUHDFKDQG ULFKQHVVRI WKHSURGXFWDQGVHUYLFH
RIIHULQJDPRQJVWPDQ\RWKHUVHJ-RKDQVRQDQG9DKOQH.RJXW3RUWHU
.REULQ'XQQLQJ.RWDEHHWDO

&RQWHPSRUDU\ HPSLULFDO UHVHDUFK WKDW VHHNV WR PHDVXUH WKH LPSDFW RI WKH GHJUHH RI
LQWHUQDWLRQDOLVDWLRQ RQ ILUP SHUIRUPDQFH KDV EHHQ UDWKHU LQFRQFOXVLYH ± IRU H[DPSOH
&RQWUDFWRUHWDODQG&RQWUDFWRU+RZHYHUGHVSLWHWKHHPSLULFDOHYLGHQFHRIWKH
SRVLWLYHHIIHFWRILQWHUQDWLRQDOLVDWLRQRQILUPSHUIRUPDQFHIHZHDUO\HPSLULFDOVWXGLHVSURYLGH
HYLGHQFH WKDW LQWHUQDWLRQDOLVDWLRQ KDV QR HIIHFW RQ ILUP SHUIRUPDQFH %XFNOH\ HW DO 
0RUFNDQG<HXQJ2WKHUWKUHDGVRIUHVHDUFKDUJXHWKDWLQWHUQDWLRQDOLVDWLRQKDV
HLWKHUDSRVLWLYHRUDQHJDWLYHOLQHDUUHODWLRQVKLSDVVRFLDWHGZLWKDILUP¶VSHUIRUPDQFH6WXGLHV
KDYH VKRZQ WKDW WKHUH LV D QRQOLQHDU UHODWLRQVKLS ± D 8 RU DQ LQYHUWHG 8VKDSHG IRUP
6SHFLILFDOO\DQXPEHURIVWXGLHVVKRZWKDWWKHFRQQHFWLRQEHWZHHQILUPSHUIRUPDQFHDQGWKH
GHJUHHRIPXOWLQDWLRQDOLW\ FDQEH OLQHDU HJ*UDQW *UDQWHWDO <HW FXUUHQW
WKLQNLQJVXJJHVWVWKDWWKHUHODWLRQVKLSLV8VKDSHG4LDQ5XLJURNDQG:DJQHU
7KHUHLVDOVRDVFKRRORIWKRXJKWWKDWWKHUHODWLRQVKLSIRUPVDQLQYHUWHG8VKDSHGUHODWLRQVKLS
HJ 6XOOLYDQ D E EXW WKLV ZRUN KDV QRW IHDWXUHG H[WHQVLYHO\ LQ FXUUHQW
FRQYHUVDWLRQV LQ WKH DUHD  &RQWUDU\ WR SUHYLRXV ILQGLQJV &RQWUDFWRU HW DO  /X DQG
%HDPLVK  7KRPDV DQG (GHQ  DQG &RQWUDFWRU  GHPRQVWUDWH WKDW WKH
UHODWLRQVKLSEHWZHHQILUPSHUIRUPDQFHDQGPXOWLQDWLRQDOLW\KDVWKUHHVWDJHVDQGUHVHPEOHVDQ
6VKDSHGUHODWLRQVKLS



&RQWUDGLFWLRQV H[LVW LQ WKH OLPLWHG OLWHUDWXUH DYDLODEOH DQG LQGHHG UHVHDUFK ILQGLQJV DUH
LQFRQFOXVLYHIRUVHYHUDOUHDVRQV)LUVWO\DSRWHQWLDOVRXUFHRIWKRVHFRQIOLFWLQJUHVXOWVPD\EH
DWWULEXWHGWRWKHDSULRULDVVXPSWLRQFRQFHUQLQJDIXQFWLRQDOIRUPRIWKHH[DPLQHGUHODWLRQVKLS
ZKHQGHSOR\LQJSDUDPHWULFWHFKQLTXHV6HFRQGO\WKHGLIIHUHQWPHWKRGRORJLFDOHFRQRPHWULF
IUDPHZRUNV DGRSWHG PD\ EH WKH SRWHQWLDO VRXUFH RI WKRVH FRQIOLFWLQJ UHVXOWV JLYHQ WKH
LGHRORJLFDOSUHPLVH7KLUGO\ WKHGLIIHUHQWGDWDVHWVDSSOLHGLQWKRVHVWXGLHVPD\EHDQH[WUD
VRXUFHRIDPELJXLW\SDUWLFXODUO\ZKHQLQYROYLQJGLIIHULQJWLPHSHULRGVDQGGLIIHUHQWW\SHVRI
PXOWLQDWLRQDOVIURPGLIIHUHQWRULJLQVRSHUDWLQJLQGLIIHUHQWPDUNHWV)RXUWKO\LQWKHHPSLULFDO
PRGHODGRSWHG WKHRPLWWHGYDULDEOHVPD\DOVRDIIHFW WKHRYHUDOO UHVXOW DQGSURGXFHIXUWKHU
LQFRQFOXVLYHILQGLQJV)LQDOO\WKHWZRYDULDEOHVXVHGDVSUR[LHVRIPXOWLQDWLRQDOSHUIRUPDQFH
DQGWKHGHJUHHRILQWHUQDWLRQDOLVDWLRQ'2,FDQIXUWKHUFDXVHUHVHDUFKHUVWRILQGFRQIOLFWLQJ
UHVXOWV

$QREYLRXVFKDOOHQJHWRWKHVWXGLHVRXWOLQHGUHODWHVWRPHDVXUHDILUP¶VSHUIRUPDQFHDQGWKHLU
XVDJHRIXQLYDULDWHDFFRXQWLQJUDWLRVVXFKDVUHWXUQRQDVVHWV52$UHWXUQRQHTXLW\52(
VDOHVJURZWKDQG7RELQ¶V4DPRQJVWRWKHUV7KHDUHDRIPHDVXULQJSHUIRUPDQFHWHQGVWREH
LQIRUPHGE\SDUWLVDQDFFRXQWLQJPHWKRGVZKLFKDGRSW VHPLVFLHQWLILFDVSHFWVDWEHVW7KLV
VHPLVFLHQWLILFDSSURDFKLVRIWHQDQLOOXVLRQDU\REMHFWLYHVKRUWWHUPHYDOXDWLRQ0RXULWVHQHW
DO7KHVHSDUWLVDQUDWLRVGRQRWFDSWXUHWKHRYHUDOOILUPSHUIRUPDQFH6SHFLILFDOO\WKH\
GR QRW FDSWXUH WKH WHFKQLFDORSHUDWLRQDO ILUP SHUIRUPDQFH LH WKH SURFHVV LQ ZKLFK WKH\
WUDQVIRUP WKHLU SURGXFWLRQ LQSXWV LQWR RXWSXWV $FFRXQWDQWV KDYH VXJJHVWHG DQ DUUD\ RI
PHDVXUHVUHFRUGHGYDOXHDVVHVVHGYDOXHHDUQLQJSRWHQWLDOUHWXUQRQLQYHVWPHQWHWFZKLFK
UHIOHFWDGLVFLSOLQDU\KLVWRULFDODQGFXUUHQWYLHZRIZKDWFRQVWLWXWHVSHUIRUPDQFH2SHUDWLRQV
PDQDJHUVRIIHUDVHWRIPHDVXUHV±VWRFNYDOXHIXQFWLRQDOYDOXHZKDWDXVHUFRQVXPHUZLOO
SD\DQGHVWHHPYDOXHZKDWWKHXVHUSHUFHLYHVWKHEUDQGYDOXHWREHWRWKHPUHSODFHPHQW
YDOXH DQG VR IRUWK ± ZKLFK UHIOHFW KRZ WKH\ SHUFHLYH WKH ZRUOG DQG ZKLFK ZKHQ WDNHQ
V\VWHPLFDOO\ LQGLFDWHDYLHZRIDILUP¶VSHUIRUPDQFH&RQWHPSRUDU\UHVHDUFKLQRSHUDWLRQV
PDQDJHPHQW DQG EXVLQHVV HYDOXDWLRQ LQGLFDWHV WKDW WKHVH DFFRXQWLQJ UDWLRV DUH QRW ILW IRU
SXUSRVH ZKHQ VHHNLQJ WR PHDVXUH D ILUP¶V µWUXH¶ SHUIRUPDQFH HJ 0DQWHUH DQG .HWRNLYL
6WHLJHQEHUJHU



7DNLQJDV\VWHPLFYLHZRIWKHOLWHUDWXUHWKHVHLQDFFXUDFLHVPD\EHWKHPDLQVRXUFHVWKDWKDYH
OHG WR FRQIOLFWLQJ UHVXOWV ZKHQ H[DPLQLQJ WKH LQWHUQDWLRQDOLVDWLRQ DQG ILUP SHUIRUPDQFH
UHODWLRQVKLSVXJJHVWLQJWKHPHWKRGRORJ\DSSURDFKHVXVHGQHHGWREHZLGHQHGDQGUHIUDPHG

2XU UHVHDUFK LV GLIIHUHQW EHFDXVH LW LQYROYHV D UHQHZHG LQYHVWLJDWLRQ RI WKH SHUIRUPDQFH±
PXOWLQDWLRQDOLW\UHODWLRQVKLSE\WDNLQJLQWRDFFRXQWWKHDERYHPHQWLRQHGFULWLFDOLVVXHVDQGE\
SURYLGLQJVXSSRUWLQJHYLGHQFHIRUWKHYDOLGLW\RIWKHWKUHHVWDJHWKHRU\RILQWHUQDWLRQDOLVDWLRQ
DV SURSRVHG E\ &RQWUDFWRU HW DO  7KLV LV WLPHO\ DQG LV RI EHQHILW WR PDQDJHUV DQG
SROLF\PDNHUV IRU VHYHUDO UHDVRQV 8QOLNH WKH LQGLYLGXDO DFFRXQWLQJ UDWLRV ZH SURSRVH WKH
DSSOLFDWLRQRIGLIIHUHQWSHUIRUPDQFHPHDVXUHPHQWVWRSURYLGHWKHDELOLW\WRFDSWXUHDILUP¶V
PDQDJHULDOGHFLVLRQSURFHVVZKLFKUHIOHFWVFUXFLDODVSHFWVRIRUJDQLVDWLRQDOOHDUQLQJWKHRU\
:HPHDVXUHDILUP¶VSHUIRUPDQFHE\HVWLPDWLQJWKHILUP¶VHIILFLHQF\OHYHOVLQDSURGXFWLRQ
IXQFWLRQW\SH IUDPHZRUN 6SHFLILFDOO\ ZH PHDVXUH VXFK SHUIRUPDQFH E\ HVWLPDWLQJ LWV
WHFKQLFDO HIILFLHQF\ OHYHOV XVLQJ D QRQSDUDPHWULF WHFKQLTXH NQRZQ DV GDWD HQYHORSPHQW
DQDO\VLV '($ RFFDVLRQDOO\ FDOOHG IURQWLHU DQDO\VLV '($ PHWKRGRORJ\ LV QRW QHZ WR WKH
RSHUDWLRQVPDQDJHPHQWOLWHUDWXUH%HQGRO\HWDO6LQJKDODQG6LQJKDODQGKDV
HVWDEOLVKHGLWVHOIDVDFUHGLEOHPHWKRGRORJLFDOIUDPHZRUNIRUHYDOXDWLQJDQGTXDQWLI\LQJILUP
SHUIRUPDQFH:XDQG%DUQHVGH.RVWHUHWDO5DPDQDWKDQ/HDFKPDQHW
DO

,Q FRQWUDVW WR HDUOLHU VWXGLHV LQYHVWLJDWLQJ WKH LQWHUQDWLRQDOLVDWLRQ±ILUP SHUIRUPDQFH
UHODWLRQVKLS XVLQJ SHUIRUPDQFHDFFRXQWLQJ UDWLRV WKLV SDSHU H[WHQGV DQG HQULFKHV RXU
XQGHUVWDQGLQJRIKRZILUPV¶LQWHUQDWLRQDOLVDWLRQOHYHOVRIWKHLURSHUDWLRQVDIIHFWWKHLUDELOLW\
WR HIILFLHQWO\ WUDQVIRUP WKHLU SURGXFWLRQ LQSXWV LQWR RXWSXWV E\ HYDOXDWLQJ WKH HIILFLHQF\
GHYLDWLRQIURPWKHIURQWLHUDVWKHPD[LPXPHTXLSURSRUWLRQDOLQFUHDVHRIDOORXWSXWVDOORZHG
E\WKHDYDLODEOHLQSXWV7KLVDSSOLHGPHWKRGRORJLFDODSSURDFKWDFNOHVWKHSUREOHPVKLJKOLJKWHG
E\FXUUHQWVWXGLHVRQPHDVXULQJILUPSHUIRUPDQFH0DQWHUHDQG.HWRNLYL6WHLJHQEHUJHU
E\SURYLGLQJDFRPSDULVRQ±DOPRVWDPHWDDQDO\VLV±ZKLFKLVEDVHGRQEHQFKPDUNLQJ
SURWRFROV 7KLV LQ WXUQ DOORZV IRU WKH FRPSDULVRQ EHWZHHQ UHJUHVVLRQ DQG QRQUHJUHVVLRQ
EDVHGWHFKQLTXHVZKLFKZHFRQWHQGLVDPHWKRGRORJLFDOVWHSIRUZDUGDVLWSURYLGHVXVZLWK
WKHIOH[LELOLW\RISUHVSHFLI\LQJDQ\IXQFWLRQDOIRUPRIWKHLQYHVWLJDWHGUHODWLRQVKLSLQDGYDQFH



7KHZRUNRI&KHQHWDOVXSSRUWVRXUSUHPLVHWKDWWKH'($DSSURDFKHQDEOHVPDQDJHUV
WRXQGHUVWDQGWKHLUILUPSHUIRUPDQFHDQGLVDPRUHUREXVWDQGHQULFKLQJPHWKRGWKDQVLPSO\
UHO\LQJRQDFFRXQWLQJDQGRWKHUILQDQFLDOUDWLRV7KHVWXG\E\$VVDIHWDOLVWKHRQHRI
WKH IHZ H[DPSOHV RI DSSO\LQJ FRVWHIILFLHQF\ PHDVXUHV ZKHQ H[DPLQLQJ WKH HIIHFW RI
PXOWLQDWLRQDOLW\7KLVSDSHUH[WHQGVWKHZRUNRI.DWKXULDHWDODQGFRPSOLPHQWVWKH
ZRUN RI :X DQG %DUQHV  H[SORULQJ SDUWQHUSHUIRUPDQFH LQ WKH VXSSO\ FKDLQ DQG LQ
ORJLVWLFV.RVWHUDQG9DQ1XV7KLVSDSHUDOVRH[WHQGVWKHZRUNRI+VXHWDO
DQG WKHLU FXUYLOLQHDU 8VKDSHG UHODWLRQVKLS FXUYH ZKLFK GHPRQVWUDWHV WKDW WKH EHQHILWV RI
5HVHDUFKDQG'HYHORSPHQW5	'IRULQWHUQDWLRQDOLVDWLRQZLOOHYHQWXDOO\RXWZHLJKWKHFRVWV
DIWHUFULWLFDOOHYHOVRILQWHQVLW\DQGGLYHUVLW\DQGZKLFKKDYHHQULFKHGILUPSHUIRUPDQFH

7RHQULFKWKHGHEDWHRQKRZWRPHDVXUHDQGHYDOXDWHDILUP¶VSHUIRUPDQFHDQGWRRIIVHWHDUOLHU
PHWKRGRORJLFDO LVVXHV ZH GHSOR\ D QHZ WLPHGHSHQGHQW FRQGLWLRQDO IURQWLHU PRGHO
0DVWURPDUFR DQG 6LPDU  IROORZLQJ WKH UHFHQW DGYDQFHV DGYRFDWHG E\ %ăGLQ HW DO
 ,Q FRQWUDVW WR WUDGLWLRQDO '($ DSSURDFKHV :LQGRZ $QDO\VLV RU 0DOPTXLVW
3URGXFWLYLW\ ,QGH[ KDQGOLQJ PXOWLSOH WLPH SHULRGV &RRSHU HW DO  WKH SURSRVHG
SUREDELOLVWLF '($ IUDPHZRUN DGRSWHG DOORZV UHVHDUFKHUV DQG HYDOXDWRUV WR FDSWXUH LQ D
G\QDPLF IUDPHZRUN WLPHGHSHQGHQW WKH HIIHFW RI PXOWLQDWLRQDOLW\ LQFRUSRUDWLQJ GLUHFWO\
GLIIHUHQW WLPHSHULRG SKHQRPHQD HJ WKH JOREDO ILQDQFLDO FULVLV LQWR WKH SHUIRUPDQFH
PHDVXUHPHQW$VDUHVXOWWKHDGRSWHGPRGHOLVDEOHWRDGGUHVVGLUHFWO\WKHHVWLPDWLRQLQYROYHG
ZKHQ H[DPLQLQJ WKH UHODWLRQVKLSV EHWZHHQ HIILFLHQF\ DQG SHUIRUPDQFH YLD RUJDQLVDWLRQDO
OHDUQLQJ $VVDI HW DO  0RUHRYHU WKLV DSSURDFK SURYLGHV VHYHUDO XQLTXH PRGHOOLQJ
DGYDQWDJHV ZKHQ H[DPLQLQJ GLUHFWO\ WKH HIIHFW RI PXOWLQDWLRQDOLW\ DFFRPPRGDWLQJ RXU
PHDVXUHPHQWLQERWKWKHILUPV¶HIILFLHQF\OHYHOVWHFKQRORJLFDOFDWFKXSDQGWHFKQRORJLFDO
GLVUXSWLYH FKDQJHV WHFKQRORJLFDO FKDQJHV ZKLFK DUH WKH WZR NH\ PHFKDQLVPV WKDW GULYH
RUJDQLVDWLRQDO SHUIRUPDQFH LPSURYHPHQW %DVHG RQ WKH WUDGLWLRQDO '($ PHWKRGV ZKHQ
KDQGOLQJSDQHOGDWD:LQGRZ$QDO\VLVRU0DOPTXLVW3URGXFWLYLW\,QGH[WKHUHVHDUFKHUQHHGV
WR XVH D WZR VWDJH'($ HVWLPDWLRQ LQ RUGHU WR UHYHDO WKH HIIHFW RI PXOWLQDWLRQDOLW\ RQ WKH
HVWLPDWHGHIILFLHQF\SURGXFWLYLW\PHDVXUHV7KLVLVQRUPDOO\XQGHUWDNHQYLDDOLWHUDWXUHUHYLHZ
E\HVWLPDWLQJLQWKHILUVWVWDJHWKHHIILFLHQF\SURGXFWLYLW\HVWLPDWHVYLD:LQGRZ$QDO\VLVRU
0DOPTXLVW3URGXFWLYLW\,QGH[DQGWKHQLQDVHFRQGVWDJHZKHQWKHVHHVWLPDWHVDUHUHJUHVVHG
RQVRPHHQYLURQPHQWDOIDFWRUVLQRXUFDVHILUPV¶PXOWLQDWLRQDOLW\OHYHOV+RZHYHUDVKDV
EHHQGHPRQVWUDWHGE\6LPDUDQG:LOVRQWKLVUHJUHVVLRQEDVHGDSSURDFKLPSRVHV


VRPH XQUHDOLVWLF DVVXPSWLRQV RQ WKH GDWDJHQHUDWLQJ SURFHVV SURGXFLQJ WKHUHIRUH ELDVHG
HVWLPDWHVRIWKHH[DPLQHGHIIHFWV2QWKHRWKHUKDQGWKHZRUNRI6LPDUDQG:LOVRQ
DQG%ăGLQHWDOVXJJHVWVWKDWWKHDSSOLHGPHWKRGRORJLFDO IUDPHZRUNDGRSWHGLQWKLV
VWXG\DQGRULJLQDOO\LQWURGXFHGE\&D]DOVHWDODQG'DUDLRDQG6LPDUD
EFDQRYHUFRPHWKRVHPLVVSHFLILFDWLRQVDQGDOORZVUHVHDUFKHUVWRH[DPLQHWKHHIIHFWRI
WKH HQYLURQPHQWDO IDFWRUV LH PXOWLQDWLRQDOLW\ RQ WKH VKLIW RI WKH IURQWLHU WHFKQRORJLFDO
FKDQJH DQG RQ WKH PRYHPHQWV DORQJVLGH WKH IURQWLHU WHFKQRORJLFDO FDWFK±XS ZLWKRXW
LPSRVLQJDQ\XQUHDOLVWLFDVVXPSWLRQVRQWKHGDWDJHQHUDWLQJSURFHVV

7KH LQWHOOHFWXDO FRQWULEXWLRQ KHUH UHODWHV WR XQSDFNLQJ WKH QRWLRQ WKDW PXOWLQDWLRQDOLW\
FRQWULEXWHVWRWHFKQRORJLFDOFKDQJHVWKURXJKNQRZKRZDQGNQRZZKDWLQRUGHUWREULQJDERXW
HIILFDF\ HIIHFWLYHQHVV DQG HIILFLHQF\ LQ EXVLQHVV SUDFWLFHV ZLWK UHJDUG WR WKH DFWXDOLW\ DQG
SURGXFWLYLW\OHYHOVRIWKHILUP7RGDWHWKHUHKDVEHHQOLWWOHUHVHDUFKWKDWDGHTXDWHO\XQSDFNV
WKHUHODWLRQVKLSEHWZHHQPXOWLQDWLRQDOLW\DQGILUPV¶WHFKQRORJLFDOFKDQJHV

7KHILQDOFRQWULEXWLRQRI WKLVSDSHU WRRSHUDWLRQVPDQDJHUV LV WKDWRXUPRGHO LVHPSLULFDOO\
LQIRUPHG YLD D FRPSUHKHQVLYH GDWDVHW ZKLFK H[WHQGV WKH PHWKRGRORJLFDO VKRUWFRPLQJV RI
HDUOLHUVWXGLHV7KHUHVHDUFKVDPSOHFRPSULVHVERWKGHYHORSHGDQGGHYHORSLQJHFRQRPLHVRI
GLIIHUHQWQDWLRQDORULJLQVDVZHOODVGLIIHUHQWVHFWRUDOFKDUDFWHULVWLFVZLWKDSDUWLFXODUIRFXV
RQ NQRZOHGJHLQWHQVLYH EXVLQHVV VHUYLFHV .,%6 DQG FDSLWDOLQWHQVLYH EXVLQHVV VHUYLFHV
&,%6UDWKHUWKDQVROHO\RQPDQXIDFWXULQJEDVHGILUPV$VDSUR[\RIILUPV¶PXOWLQDWLRQDOLW\
OHYHOZHDUHXVLQJWKHWUDQVQDWLRQDOLW\LQGH[71,FDOFXODWHGE\81&7$'

+DYLQJ SURYLGHG D V\QWKHVLV RI WKH FXUUHQW \HW VFDUFH FRQYHUVDWLRQV LQ WKH OLWHUDWXUH DQG
VXJJHVWLQJ ZK\ RSHUDWLRQV PDQDJHUV QHHG WR UHYLVLW WKLV DUHD RI DFWLYLW\ WKH QH[W VHFWLRQ

7KHPDLQSUREOHPRIWKHWZRVWDJHUHJUHVVLRQEDVHG'($VWXGLHVLVWKDWWKH\SUHDVVXPHWKDWWKHµVHSDUDELOLW\
DVVXPSWLRQ¶DPRQJWKHLQSXWVRXWSXWVDQGWKHFRQWUROYDULDEOHVKROGV6LPDUDQG:LOVRQ%DVHGRQWKLV
DVVXPSWLRQWKRVHVWXGLHVXQUHDOLVWLFDOO\DVVXPHWKDWWKHVXSSRUWRIWKHLQSXWVRXWSXWVXVHGWRSURGXFHWKH'($
HVWLPDWHVGRHVQRWGHSHQGRQWKHHQYLURQPHQWDOFRQWUROYDULDEOHVXVHGLQWKHVHFRQGVWDJHDQDO\VLV
)RUWKHFODVVLILFDWLRQRIPXOWLQDWLRQDOILUPVLQWR.,%6ZHKDYHDGRSWHGWKHFODVVLILFDWLRQPDGHE\WKH,QGXVWU\
RI&DQDGDDQG WKH%XVLQHVV 'HYHORSPHQW%DQNRI&DQDGD ZKLFKDUHEDVHGRQXVLQJ WKH6WDQGDUG ,QGXVWULDO
&ODVVLILFDWLRQ 6,& 7KH FODVVLILFDWLRQV FDQ EH GRZQORDGHG IURP KWWSZZZVWDWFDQJFFDLPGE
EPGLGRFXPHQWB'B7B9HQJSGI


GHVFULEHV WKH GDWD DQG PHWKRGRORJ\ WKDW KDYH EHHQ GHYHORSHG 7KLV LV IROORZHG E\ WKH
SUHVHQWDWLRQ RI WKH HPSLULFDO GDWD DQG ILQDOO\ ZH FRQFOXGH WKLV DUWLFOH E\ RXWOLQLQJ WKH
PDQDJHULDOLPSOLFDWLRQVRIRXUUHVXOWV

'DWDDQGPHWKRGRORJ\
9DULDEOHGHVFULSWLRQ
,QRUGHUWRHYDOXDWHWKHLQWHUSOD\EHWZHHQWKHGHJUHHRIPXOWLQDWLRQDOLW\DQGILUPSHUIRUPDQFH
ZHDSSO\DVDPSOHRIWKHZRUOG¶VWRSQRQILQDQFLDOILUPVUDQNHGDFFRUGLQJWRWKHVL]HRI
WKHLUIRUHLJQDVVHWVIURPWR7KHVDPSOHLQFOXGHVOHDGLQJLQWHUQDWLRQDOILUPVIURP
FRXQWULHVDQGLQGXVWULHV7KHVDPSOH¶VFKDUDFWHULVWLFVHQDEOHXVWRSURYLGHDPRUHUREXVW
SLFWXUHRIWKHLQWHUQDWLRQDOLVDWLRQ±ILUPSHUIRUPDQFHUHODWLRQVKLSDYRLGLQJWKHPRUHWUDGLWLRQDO
VDPSOLQJ ELDV FDXVHG E\ HVWLPDWLQJ WKH UHODWLRQVKLS ZLWK D VLQJOH FRXQWU\ DQGRU D VLQJOH
LQGXVWU\&RQWUDFWRU

,Q$SSHQGL[ZHOLVWWKHILUPVWKHVHOHFWHGLQGXVWULHVDQGWKHFRXQWULHVWKDWZHLQFOXGHLQ
RXUVDPSOHVWUDWHJ\)XUWKHUPRUHZHFDSWXUHDILUP¶VG\QDPLFOHDUQLQJHIIHFWE\FRYHULQJD
SHULRGRI\HDUV:HKDYHFROOHFWHGWKHGDWDIURPDQQXDO:RUOG,QYHVWPHQW5HSRUWVLVVXHG
E\ 81&7$' 7KHVH UHSRUWV LQFOXGH GDWD IURP WKH ODUJHVW WUDQVQDWLRQDO FRUSRUDWLRQV IURP
GHYHORSHGDQGGHYHORSLQJFRXQWULHV

7KH ILUP¶V PXOWLQDWLRQDOLW\ OHYHO LV PHDVXUHG WKURXJK WKH 71, ZKLFK LV FDOFXODWHG E\
81&7$'7KH71,LVDFRPSRVLWHLQGH[WKDWPHDVXUHVDILUP¶VGHJUHHRILQWHUQDWLRQDOLVDWLRQ
'2,DQGLVFDOFXODWHGDVWKHDYHUDJHRIWKUHHUDWLRVIRUHLJQDVVHWVWRWRWDODVVHWVIRUHLJQVDOHV
WRWRWDOVDOHVDQGIRUHLJQHPSOR\PHQWWRWRWDOHPSOR\PHQW7DEOHSUHVHQWVWKHGHVFULSWLYH
VWDWLVWLFVRIWKHYDULDEOHVXVHG

>7DEOHDERXWKHUH@


7KHGDWDVHWKDVEHHQH[WUDFWHGIURP:RUOG,QYHVWPHQW5HSRUWVZKLFKDUHLVVXHGE\81&7$'7KHGDWDFDQEH
GRZQORDGHGIURPKWWSXQFWDGRUJHQ3DJHV',$(:RUOG,QYHVWPHQW5HSRUW:,56HULHVDVS[
$FFRUGLQJWR'\VRQHWDODQG6DUNLVWKHQXPEHURIILUPV¶XVHGPXVWEHDWOHDVWWKUHHWLPHVWKH
VXPRIWKHLQSXWVDQGRXWSXWVXVHGLQRUGHUIRUWKH'($HVWLPDWRUVWRFDOFXODWHPHDQLQJIXOHIILFLHQF\VFRUHV,Q
RXUFDVHZHKDYHDVDPSOHRIILUPVRYHU\HDUVDQGWKUHHYDULDEOHVDFWLQJDVLQSXWVRXWSXW


0HWKRGRORJLFDODSSURDFK
$VSUHVHQWHGHDUOLHUZHKDYHRXWOLQHGWKHQRYHOW\RIRXUDSSURDFKLQRUGHUWRPHDVXUHDILUP¶V
SHUIRUPDQFH WKURXJK LWV WHFKQLFDO HIILFLHQF\ LQVWHDG RI LQGLYLGXDO DFFRXQWLQJ UDWLRV 7KLV
SURSRVHGPHDVXUHPHQWLVPRUHVXLWDEOHEHFDXVHLWUHYHDOVWKHDELOLW\RIPDQDJHPHQWWRXWLOL]H
WKHILUP¶VUHVRXUFHVWKUHVKROGDQGFRUHFRPSHWHQFLHVHIILFLHQWO\2XUSUHPLVHLVWKDWDILUPLV
WHFKQLFDOO\HIILFLHQWLILWSURGXFHVWKHPD[LPXPRXWSXWIURPDJLYHQTXDQWLW\RILQSXWVVXFK
DV ODERXU DQG FDSLWDO $ ILUP¶V PDQDJHULDO HIILFLHQF\ LV PHDVXUHG E\ GHSOR\LQJ D ZHOO
HVWDEOLVKHGPHWKRGRORJLFDODSSURDFKNQRZQDV'($'($LVDPDWKHPDWLFDOSURJUDPPLQJ
WHFKQLTXHWKDWHVWLPDWHVWKHUHODWLYHHIILFLHQF\RISURGXFWLRQXQLWVDQGLGHQWLILHVEHVWSUDFWLFH
IURQWLHUV '($ ZKLFK ZDV LQLWLDOO\ LQWURGXFHG E\ &KDUQHV HW DO  HQFRPSDVVHV WKH
FRQVWUXFWLRQ RI D QRQSDUDPHWULF SLHFHZLVH VXUIDFH LH WKH HPSLULFDO IURQWLHU RYHU WKH
H[DPLQHGGDWD6FRUHVHTXDOWRDUHLQGLFDWHGDVEHLQJWHFKQLFDOO\HIILFLHQWZKHUHDVLIDILUP
KDV D WHFKQLFDOO\ HIILFLHQW YDOXH RI OHVV WKDQ  WKLV VXJJHVWV WKDW WKH ILUP LV WHFKQLFDOO\
LQHIILFLHQW)XUWKHUPRUHIROORZLQJ'DRXLDDQG6LPDUZHDOVRDSSO\UREXVWIURQWLHUV
NQRZQDV2UGHUĮIURQWLHUVLQRUGHUWREHDEOHWRHYDOXDWHWKHHIIHFWRIPXOWLQDWLRQDOLW\RQ
ILUPVWDNLQJLQWRDFFRXQWWKHH[WUHPHVDQGRXWOLHUVLQRXUGDWD:KHQDSSO\LQJUREXVWIURQWLHUV
WHFKQLFDOO\HIILFLHQWILUPVFDQWDNHYDOXHVRIWKHLUHIILFLHQF\VFRUHVJUHDWHUHTXDOWRZKHUHDV
WKHWHFKQLFDOO\LQHIILFLHQWILUPVWDNHYDOXHVRIOHVVWKDQ

%DVHGRQGHYHORSPHQWVRI%ăGLQHWDOZHDSSO\WKHPRVWUHFHQWDSSURDFKLQWURGXFHG
E\ 0DVWURPDUFR DQG 6LPDU  WR FDOFXODWH WLPHGHSHQGHQW FRQGLWLRQDO HIILFLHQF\
PHDVXUHPHQWVIRUWKHIXOODQGUREXVWIURQWLHUVVHH$SSHQGL[IRUGHWDLOVRIWKHPHWKRGRORJ\
DGRSWHG,QRXUFDVHWKHWLPHGHSHQGHQWFRQGLWLRQDOHIILFLHQF\PHDVXUHVHQDEOHXVWRHVWLPDWH
ILUPV¶ WHFKQLFDO HIILFLHQF\ E\ WDNLQJ LQWR DFFRXQW ERWK WKH HIIHFWV RI WLPH DQG WKH ILUPV¶
PXOWLQDWLRQDOLW\OHYHOV

7KHILQDOVWDJHRIRXUDQDO\VLVLQFRUSRUDWHVWKHPHWKRGRORJLFDODSSURDFKE\%ăGLQHWDO
ZKLFKDOORZVUHVHDUFKHUVDQGHYDOXDWRUVWRYLVXDOLVHWKHHIIHFWRIWLPHDQGPXOWLQDWLRQDOLW\RQ
ILUPSHUIRUPDQFH7KHUHIRUHE\UHJUHVVLQJILUPV¶PXOWLQDWLRQDOLW\OHYHOV08/7,DQGWLPH

)RURXUIURQWLHUDQDO\VLVZHDSSO\RXWSXWRULHQWHGPRGHOV,QRXU'($VHWWLQJZHDOORZIRUYDULDEOHUHWXUQVWR
VFDOH956LQRUGHUWRFDSWXUHSRWHQWLDOILUPV¶VFDOHHIIHFWVLQRXUHIILFLHQF\PHDVXUHPHQW%DQNHUHWDO
7KLVLPSOLHVWKDWRXUHVWLPDWHGFRQGLWLRQDOHIILFLHQF\VFRUHVDVSUHVHQWHGLQWKLVVWXG\DUHFDOFXODWHGEDVHGRQ
WKHDVVXPSWLRQWKDWWLPHDQGPXOWLQDWLRQDOLW\LQIOXHQFHWKHERXQGDU\RIWKHDWWDLQDEOHVHW%ăGLQHWDO


<($5RQWKHWZRUDWLRVFRQVWUXFWHGIURPWKHIXOO  4 DQGUREXVW  4D IURQWLHUVZHDUH
DEOHWRDFFRXQWIRUWKHHIIHFWVRIWLPHDQGPXOWLQDWLRQDOLW\RQILUPV¶HVWLPDWHGSHUIRUPDQFHV
ZLWKRXW DVVXPLQJ DQ\ IXQFWLRQDO UHODWLRQVKLS EHWZHHQ WKH H[DPLQHG YDULDEOHV 7KHUHIRUH
KDYLQJDILUP¶V L DWWLPH W ZHFDQHVWLPDWHWKHIROORZLQJQRQSDUDPHWULFUHJUHVVLRQV

  LW W LW LW4 P 7,0( 08/7, X        
   LW W LW LW4 P 7,0( 08/7, XD         

2XUILUVWUHJUHVVLRQHTXDWLRQGHWHUPLQHVWKHHIIHFWRIWLPHDQGPXOWLQDWLRQDOLW\RQDILUP¶V
ERXQGDU\LHZHVHHNWRGHWHFWDQ\SRWHQWLDOWHFKQRORJLFDOFKDQJHWKDWVKLIWVWKHIURQWLHURI
WKH ILUP +RZHYHU WKH VHFRQG UHJUHVVLRQ HTXDWLRQ  VHHNV WR PHDVXUH WKH HIIHFW RI
PXOWLQDWLRQDOLW\DQGWLPHRQWKHGLVWULEXWLRQRIILUPV¶HIILFLHQFLHV$QLQFUHDVLQJUHJUHVVLRQ
OLQH LQGLFDWHVDSRVLWLYHHIIHFWRIPXOWLQDWLRQDOLW\DQG WLPHRQILUPV¶ WHFKQRORJLFDOFKDQJHV
VKLIWVRQWKHIURQWLHUDQGRQWKHGLVWULEXWLRQRIWKHLUHIILFLHQFLHVWHFKQRORJLFDOFDWFKXS

(PSLULFDOUHVXOWV
3ULRUWRSUHVHQWLQJRXUDQDO\VLVUHJDUGLQJILUPHIILFLHQF\DQGPXOWLQDWLRQDOLW\ZHSURYLGHDQ
RYHUYLHZRI ILUPV¶PHDQDQGVWDQGDUGGHYLDWLRQ 6WGYDOXHVRI WKHXQFRQGLWLRQDO WHFKQLFDO
HIILFLHQF\HVWLPDWHVIRUERWKWKHIXOO6XEILJXUHDDQGWKHSDUWLDOIURQWLHUV6XEILJXUHE

:HREVHUYHWKDWWKHPHDQRULJLQDOWHFKQLFDOHIILFLHQF\HVWLPDWHV9560HDQKDYHLQFUHDVHG
RYHUWKH\HDUVZKHUHDVGXULQJWKHLQLWLDWLRQRIWKHJOREDOILQDQFLDOFULVLV*)&ZHFDQREVHUYH
D KLJK IOXFWXDWLRQ ± DOVR LQGLFDWHG E\ D VXGGHQ LQFUHDVH LQ WKHLU HIILFLHQFLHV¶
VWDQGDUGGHYLDWLRQYDOXHV9566WG


 4 LV WKHUDWLRRI WKHWLPHGHSHQGHQWFRQGLWLRQDOHIILFLHQF\HVWLPDWHWRWKHRULJLQDOXQFRQGLWLRQDOHIILFLHQF\
HVWLPDWHFRQVWUXFWHGIURPWKHIXOOIURQWLHUVZKHUHDV 4D LVWKHUDWLRRIWKHWLPHGHSHQGHQWFRQGLWLRQDOHIILFLHQF\
HVWLPDWHWRWKHRULJLQDOXQFRQGLWLRQDOHIILFLHQF\HVWLPDWHFRQVWUXFWHGIURPWKHUREXVW2UGHUĮIURQWLHU
)ROORZLQJ/LDQG5DFLQHZHKDYHXVHGDORFDOFRQVWDQWHVWLPDWRUDQGIRUEDQGZLGWKVHOHFWLRQZHKDYH
DSSOLHGWKHOHDVWVTXDUHVFURVVYDOLGDWLRQFULWHULRQ


7KHUHVXOWVDOVRUHYHDODQHJDWLYHHIIHFWRI*)&RQPXOWLQDWLRQDOILUPV¶HIILFLHQF\OHYHOVDIWHU
7KLVZDVH[SHFWHGVLQFHLQRXUPRGHOOLQJZHXVHERWKGRPHVWLFDQGIRUHLJQLHWKH
WRWDO TXDQWLWLHV RI HPSOR\HHV RI IL[HG DVVHWV DQG RI VDOHV LQ RUGHU WR FDOFXODWH ILUPV¶
HIILFLHQFLHVOHYHOV6LQFHWKHILUPVLQRXUVDPSOHKDYHDKLJKIRUHLJQH[SDQVLRQZHREVHUYH
WKLVKHWHURJHQHLW\RYHUDOOKDVDQHJDWLYH LPSDFWRQ WKHLUHIILFLHQF\ OHYHOV WKLVHIIHFWEHLQJ
DSSDUHQW DIWHU UDWKHU WKDQ EHIRUH  :KHQ ORRNLQJ DW VXEILJXUH E WKH UHVXOWV DUH OHVV
VHQVLWLYHWRILUPVWKDWDFWDVSRWHQWLDORXWOLHUVKRZHYHUDJDLQWKHIOXFWXDWLRQLQWKHHVWLPDWHG
SHUIRUPDQFHPHDVXUHGXULQJWKHSHULRGRI*)&LQLWLDWLRQFDQEHFOHDUO\REVHUYHGDFFRPSDQLHG
E\ D IOXFWXDWLRQ LQ 2UGHUĮ¶V VWDQGDUG GHYLDWLRQ YDOXHV ,Q ERWK FDVHV WKLV IOXFWXDWLRQ
FRUUHVSRQGV WR WKHRXWEUHDNRI WKHJOREDO ILQDQFLDO FULVLV$Q LQFUHDVH LQ WKHYRODWLOLW\RI D
ILUP¶VSHUIRUPDQFHUHYHDOVGLVWRUWLRQVLQILUPV¶WHFKQLFDOHIILFLHQF\

>)LJXUHDERXWKHUH@

)LJXUH  LOOXVWUDWHV WKH HIIHFW RI WLPH DQG PXOWLQDWLRQDOLW\ RQ ILUPV¶ HIILFLHQF\ OHYHOV DQG
WHFKQRORJLFDOFKDQJHV6SHFLILFDOO\VXEILJXUHVDFDQGHH[DPLQHWKHHIIHFWRIWLPHDQG
PXOWLQDWLRQDOLW\ RQ ILUPV¶ WHFKQRORJLFDO FKDQJH OHYHOV VKLIW RI WKH IURQWLHU ZKHUHDV
VXEILJXUHVEGDQGIH[DPLQHWKHHIIHFWRQILUPV¶WHFKQRORJLFDOFDWFKXSOHYHOVPRYHPHQWV
WRZDUGVDQGDZD\IURPWKHIURQWLHU

%\IRFXVLQJRQVXEILJXUHDZKLFKH[DPLQHVWKHHQWLUHVDPSOHZHFDQYHULI\WKHWKUHHVWDJH
VLJPRLG6VKDSHGK\SRWKHVLVDVLQWURGXFHGE\&RQWUDFWRUHWDODQGIXUWKHUGLVFXVVHG
LQ&RQWUDFWRUVXJJHVWLQJWKDWILUPVLQWKHLULQLWLDOVWDJHRILQWHUQDWLRQDOLVDWLRQ±WKDWLV
XSWRWKHOHYHO±IDLOWRKDYHDQ\WHFKQRORJLFDOFKDQJHJDLQVGXHWRWKHEDUULHUVDVVRFLDWHG
ZLWKWKHLULQWHUQDWLRQDOH[SDQVLRQ

2QFHDILUPRYHUFRPHVWKLVLQLWLDOVWDJHRIPXOWLQDWLRQDOLW\±WKDWLVIURPWR±WKH
HIIHFWEHFRPHVSRVLWLYH7KLV LPSOLHV WHFKQRORJLFDOFKDQJHJDLQVGXH WR WKHEHQHILWV OLQNHG
ZLWKILUPV¶LQWHUQDWLRQDOH[SDQVLRQ)LQDOO\IRUDKLJKHUGHJUHHRIPXOWLQDWLRQDOLW\±WKDWLV
JUHDWHU WKDQ  ± WKH HIIHFW RI PXOWLQDWLRQDOLW\ RQ ILUPV¶ WHFKQRORJLFDO FKDQJH OHYHOV LV
QHJDWLYH7KHHIIHFWRI WLPHLVSRVLWLYHXSWRWKHLQLWLDWLRQRIWKH*)&+RZHYHUDIWHU WKLV
SRLQWLWEHFRPHVQHJDWLYHVXJJHVWLQJWKDWWKH*)&DIIHFWHGQHJDWLYHO\ILUPV¶DELOLW\WRH[SORUH
WHFKQRORJLFDOFKDQJHJDLQV



6XEILJXUHEH[DPLQHVWKHHIIHFWRIPXOWLQDWLRQDOLW\DQGWLPHRQILUPV¶GLVWULEXWLRQRIWHFKQLFDO
HIILFLHQF\OHYHOVWHFKQRORJLFDOFDWFKXSIRUWKHHQWLUHVDPSOH$OVRWKHUHVXOWVLQWKLVFDVH
VXSSRUWWKHWKUHHVWDJHVLJPRLG6VKDSHGK\SRWKHVLV,WLVHYLGHQWWKDWLQWKHLQLWLDOVWDJHRI
LQWHUQDWLRQDOLVDWLRQ±WKDWLVXSWRWKHOHYHOILUPVIDLOHGWRKDYHDQ\WHFKQLFDOHIILFLHQF\
JDLQVGXHWRWKHFRVWVDQGEDUULHUVDVVRFLDWHGZLWKWKHLULQWHUQDWLRQDOH[SDQVLRQ+RZHYHURQFH
DILUPRYHUFRPHVWKLVLQLWLDOVWDJHRIPXOWLQDWLRQDOLW\±WKDWLVIURPWR±WKHHIIHFW
LVSRVLWLYH7KLVLQGLFDWHVWKDWILUPVDUHDEOHWRH[SORLWWHFKQLFDOHIILFLHQF\JDLQVGXHWRWKH
EHQHILWV OLQNHG ZLWK ILUPV¶ LQWHUQDWLRQDO H[SDQVLRQ )LQDOO\ IRU D KLJKHU GHJUHH RI
PXOWLQDWLRQDOLW\±WKDWLVJUHDWHUWKDQ±WKHHIIHFWRIPXOWLQDWLRQDOLW\RQILUPV¶WHFKQLFDO
HIILFLHQF\OHYHOVLVQHJDWLYH7KLVPHDQVWKDWILUPVZHUHRYHULQWHUQDWLRQDOLVHGZLWKLQFUHDVHG
JOREDO FRRUGLQDWLRQ DQG PDQDJHULDO FRVWV &RQWUDFWRU  7KH HIIHFW RI WLPH DV LQ WKH
SUHYLRXVFDVHLVSRVLWLYHXSWRWKHLQLWLDWLRQRIWKH*)&+RZHYHUDIWHUWKLVSHULRGLWDSSHDUV
WKDWWKH*)&LPSRVHGH[WUDEDUULHUVRQILUPV¶DELOLW\WRH[SORUHFDWFKXSJDLQV

$VVXJJHVWHGE\'\VRQHWDODQG6DUNLVIRUWKHUHVXOWVREWDLQHGE\'($WREH
PHDQLQJIXOWKHKRPRJHQHLW\UHTXLUHPHQWPXVWEHPHW,QVKRUWDOOWKHILUPVFRPSDUHGKDYH
VLPLODURSHUDWLRQDOHQYLURQPHQWVZKHQ WKHHIILFLHQF\HVWLPDWHVDUHPHDVXUHGDQGDQDO\VHG
(YHQ WKRXJK ZH DUH FRPSDULQJ WKH ODUJHVW PXOWLQDWLRQDOV RXU VDPSOH FRQWDLQV ILUPV IURP
GLIIHUHQWVHFWRUV7KHUHIRUH LQRUGHU WRWHVW WKHUREXVWQHVVRIRXUUHVXOWVDQGIXOILOSRWHQWLDO
VKRUWFRPLQJVUHJDUGLQJWKHKRPRJHQHLW\DVVXPSWLRQZHIROORZHG&RQWUDFWRUHWDO¶V
JXLGDQFHRIVHSDUDWLQJRXUVDPSOHLQWRWZRVXEVDPSOHV7KHILUVWVXEVDPSOHLQFOXGHVRQO\
ILUPVIURP.,%6ZKLOHWKHVHFRQGVXEVDPSOHLQFOXGHVRQO\ILUPVIURP&,%6,W LVHYLGHQW
IURPVXEILJXUHVFGHDQGIWKDWWKHSDWWHUQRIWKHRYHUDOOHIIHFWVRIPXOWLQDWLRQDOLW\RQ
ILUPV¶FDWFKXSOHYHOVDQGIURPWHFKQRORJLFDOLQYHVWPHQWVGRHVGLIIHUHQWLDWHZKHWKHUWKHILUPV
DUH.,%6RU&,%6

'HHSHU DQDO\VLV UHYHDOV WKDW IRU WKH FDVH RI .,%6 WKH WKUHHVWDJH VLJPRLG 6VKDSHG
K\SRWKHVLVLVYHULILHGERWKIRUWKHFDVHRIWHFKQRORJLFDOFKDQJHVXEILJXUHDDQGIRUWKHFDVH
RIFDWFKXSVXEILJXUHE%RWKFDVHVUHYHDOWKDWWKHJDLQVIRUILUPV¶WHFKQRORJLFDOFKDQJHDQG
WHFKQRORJLFDOFDWFKXSOHYHOVGHFUHDVHRQWKHLQLWLDOVWDJHVRIPXOWLQDWLRQDOLW\WKDWLVXSWRWKH
 OHYHO +RZHYHU IRU LQWHUQDWLRQDOLVDWLRQ OHYHOV RI  WR  WKH HIIHFW EHFRPHV


SRVLWLYH ZKHUHDV IRU PXOWLQDWLRQDOLW\ OHYHOV JUHDWHU WKDQ  WKH HIIHFW EHFRPHV QHJDWLYH
DJDLQ

,Q FRQWUDVW WR WKH FDVHRI&,%6ZHFDQREVHUYH WKDW WKH HIIHFWRIPXOWLQDWLRQDOLW\RQ WKHLU
WHFKQRORJLFDOFKDQJHVXEILJXUHHDQGWHFKQRORJLFDOFDWFKXSVXEILJXUHIOHYHOVIRUPVD
µ8¶VKDSH UHODWLRQVKLS 7KLV LQ WXUQ VXJJHVWV WKDW IRU WKH LQLWLDO VWDJHV RI LQWHUQDWLRQDO
H[SDQVLRQILUPVIDFHQHJDWLYHUHWXUQVRQWKHLUWHFKQRORJLFDOFKDQJHVDQGWHFKQRORJLFDOFDWFK
XS OHYHOV XS WR DFHUWDLQPXOWLQDWLRQDOLW\ OHYHO+RZHYHU DIWHU WKDWSRLQW ILUPVH[SHULHQFH
SRVLWLYH UHWXUQV ,W LV HYLGHQW WKDW IRU &,%6 WKH WXUQLQJ SRLQWV DUH GLIIHUHQW IRU H[SORLWLQJ
WHFKQRORJLFDOFKDQJHDQGWHFKQRORJLFDOFDWFKXSJDLQV7KHUHVXOWVVXJJHVWWKDWWKHFDWFKXS
JDLQV IURP WKHLU PXOWLQDWLRQDO H[SDQVLRQ FRPH ZLWK ORZHU OHYHOV RI PXOWLQDWLRQDOLW\ 
OHYHOFRPSDUHGZLWKWKHJDLQVGHULYHGIURPWKHLUWHFKQRORJLFDOFKDQJHOHYHO

)LQDOO\LWLVDOVRHYLGHQWWKDWWKHSHUIRUPDQFHRIILUPVFODVVLILHGDV.,%6LQFUHDVHGRYHUWKH
\HDUVEHLQJOHVVDIIHFWHGE\WKH*)&SHULRGZKHUHDVWKHSHUIRUPDQFHRIILUPVFODVVLILHGDV
&,%6GHFUHDVHGRYHUWKHVDPHSHULRGEHLQJPRUHDIIHFWHGE\WKHRXWEUHDNRIWKH*)&

>)LJXUHDERXWKHUH@



&RQFOXVLRQVDQGPDQDJHULDOLPSOLFDWLRQV
7KLVVWXG\FRQILUPVWKHH[LVWHQFHRIWKHWKUHHVWDJHVLJPRLG6VKDSHGK\SRWKHVLVEHWZHHQ
PXOWLQDWLRQDOLW\DQGDILUP¶VSHUIRUPDQFHZKHQPHDVXUHGWKURXJKWHFKQLFDOHIILFLHQF\OHYHOV
'HVSLWHWKHIDFWWKDWZHXVHGDGLIIHUHQWZD\RIPHDVXULQJILUPSHUIRUPDQFHZHVXFFHVVIXOO\
YDOLGDWHG WKH WKUHHVWDJH K\SRWKHVLV RI PXOWLQDWLRQDOLW\ DV LQWURGXFHG E\ &RQWUDFWRU HW DO
:H IXUWKHUH[WHQGHGRXUDQDO\VLVE\SURYLGLQJ IRU WKH ILUVW WLPHHYLGHQFH WKDW WKH
WKUHHVWDJHK\SRWKHVLVLVYHULILHGIRUWKHFDVHRI.,%6ZKHUHDVDµ8¶VKDSHGUHODWLRQVKLSLV
UHYHDOHG IRU &,%6 0RUHRYHU ZH DUJXH WKDW WKH PXOWLQDWLRQDOLW\ DQG ILUP SHUIRUPDQFH
UHODWLRQVKLSLVQRQOLQHDU&RQWUDFWRUHWDO

:HFRQWHQGWKDWILUPVGREHQHILWIURPPXOWLQDWLRQDOLW\ZKHQWKHGHJUHHRILQWHUQDWLRQDOLVDWLRQ
UHDFKHVWKHOHYHORIIRU.,%6DQGZKHQH[KLELWLQJWHFKQRORJLFDOFKDQJHDQG


WHFKQRORJLFDO FDWFKXS IRU &,%6 (YHQ WKRXJK ZH XVHG D GLIIHUHQW GDWDVHW D GLIIHUHQW
PHWKRGRORJLFDOIUDPHZRUNDQGDGLIIHUHQWWLPHSHULRGRXUILQGLQJVIXOO\VXSSRUW&RQWUDFWRU
HWDOZKRUHSRUWHGVLPLODUUHVXOWVVXJJHVWLQJWKDW.,%6FRQIRUPWRDOOWKUHHVWDJHVRI
WKHVLJPRLGK\SRWKHVLVZKHUHDV&,%6H[KLELWRQO\WKHILUVWWZRVWDJHVWKHUHE\IRUPLQJDµ8¶
VKDSHUHODWLRQVKLS:HDOVRIRUWKHILUVWWLPHTXDQWLILHGWKHGHJUHHRILQWHUQDWLRQDOLVDWLRQWKDW
LVQHHGHGWRVKLIWDSURGXFWLRQIURQWLHUGXHWRWKHLQWURGXFWLRQRIQHZWHFKQRORJLHVLQERWK
VHFWRUV±.,%6DQG&,%67KHUHVXOWVVKRZWKDWFDSLWDOLQWHQVLYHILUPV¶VHUYLFHVGRQRWUHTXLUH
WKHVDPHGHJUHHRIPXOWLQDWLRQDOLW\DVNQRZOHGJHEDVHGILUPVWRPD[LPLVHWKHLUWHFKQRORJLFDO
FDWFKXSDQGWHFKQRORJLFDOFKDQJHOHYHOV

5	'EDVHGLQQRYDWLRQVDUHLPSRUWDQWIRUDQ\ILUPDQGQDWLRQWRGHYHORSLQRUGHUWRERXQFH
IRUZDUG\HWPDQ\IDFHGLIILFXOWLHVLQVWUHQJWKHQLQJSHUIRUPDQFHDVWKHUHLVDWLSSLQJSRLQWDV
HYLGHQFHG E\ RXU UHVHDUFK EHWZHHQ LQYHVWPHQW DQG UHWXUQ  ,QGHHG PDQ\ KDYH VHHQ OLWWOH
LPSURYHPHQWLQSURGXFWLYLW\SHUIRUPDQFHLQUHFHQW\HDUVGHVSLWHWKHQHZRSSRUWXQLWLHVRIIHUHG
E\ JOREDOLVDWLRQ DQG QHZ WHFKQRORJLHV HVSHFLDOO\ WKH LQIRUPDWLRQ DQG FRPPXQLFDWLRQ
WHFKQRORJLHV ,&7ZKLFKVXJJHVWVDGLPLQLVKLQJUHWXUQH[LVWV IURPWKH LQYHVWPHQWDQGDV
VXFKQHHGVPDQDJLQJEHIRUHWKLVKDSSHQV

7KLVUHVHDUFKKDVPXOWLGLPHQVLRQDOLPSOLFDWLRQVLQWHUPVRIDGRSWHGPDQDJHULDODQGEXVLQHVV
VWUDWHJLHV)LUVWO\PXOWLQDWLRQDOLW\KDV WREHDGRSWHGDVDQ LQWHJUDOPDQDJHULDOVWUDWHJ\ WKDW
LPSURYHVILUPSHUIRUPDQFHDVRXUUHVHDUFKVXJJHVWVSHUIRUPDQFHFDQEHHQKDQFHGWKURXJK
WHFKQRORJ\EDVHG LQYHVWPHQWV6HFRQGO\ZHKDYHYHULILHGSUHYLRXVILQGLQJVVXJJHVWLQJ WKH
H[LVWHQFH RI GLIIHUHQW IRUPV RI WKH PXOWLQDWLRQDOLW\±SHUIRUPDQFH UHODWLRQVKLS :H KDYH
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$%% $EERWW /DERUDWRULHV $(6 &RUSRUDWLRQ $OFDQ ,QF $OFRD $QJOR $PHULFDQ
$VWUD]HQHFD3OF%$(6\VWHPV3OF%$6)$*%D\HU$*%HUWHOVPDQQ%+3%LOOLWRQ*URXS
%0:$* %ULWLVK$PHULFDQ7REDFFR3OF %ULWLVK3HWUROHXP&RPSDQ\ 3OF&DUUHIRXU6$
&HPH[6$&KHYURQ7H[DFR&RUS&,7,&*URXS&RFD&ROD&RPSDQ\&RPSDJQLH'H6DLQW
*REDLQ 6$ &RQRFR ,QF &5+ 3OF 'DLPOHU &KU\VOHU $* 'HXWVFKH 3RVW $* 'HXWVFKH
7HOHNRP$*'LDJHR3OF'RZ&KHPLFDO&RPSDQ\(2Q(OHFWULFLWp'H)UDQFH(QGHVD(1,
*URXS([[RQ0RELO&RUSRUDWLRQ)LDW6SD)RUG0RWRU&RPSDQ\)UDQFH7HOHFRP*HQHUDO
(OHFWULF*HQHUDO0RWRUV*OD[R6PLWK.OLQH3OF+HZOHWW3DFNDUG+LWDFKL/WG+ROFLP$JI
+RQGD 0RWRU &R /WG +XWFKLVRQ :KDPSRD /WG +\XQGDL 0RWRU &RPSDQ\ ,%0 ,QEHY
-RKQVRQ	-RKQVRQ.UDIW)RRGV,QF/DIDUJH6$/*(OHFWURQLFV,QF/LEHUW\*OREDO,QF
/LQGH $* /9PK 0RsW+HQQHVV\ /RXLV 9XLWWRQ 6$ 0DUXEHQL &RUSRUDWLRQ 0DWVXVKLWD
(OHFWULF ,QGXVWULDO &R /WG 0F'RQDOG¶V &RUSRUDWLRQ 0HWUR $* 0LWVXELVKL &RUSRUDWLRQ
0LWVXL	&R/WG1DWLRQDO*ULG7UDQVFR1HVWOp6$1LVVDQ0RWRU&R/WG1RNLD1RYDUWLV
3HUQRG5LFDUG6$3HWURQDV±3HWUROLDP1DVLRQDO%KG3IL]HU,QF3KLOLSV(OHFWURQLFV3LQDXOW
3ULQWHPSV5HGRXWH6$3URFWHU	*DPEOH5HQDXOW6$5HSVRO<3)6$5LR7LQWR3OF5RFKH
*URXS5R\DO'XWFK6KHOO*URXS5:(*URXS6DEPLOOHU3OF6DPVXQJ(OHFWURQLFV&R/WG
6DQRIL$YHQWLV6LHPHQV$*6LQJWHO/WG6RQ\&RUSRUDWLRQ6WDWRLO$VD6XH]7HOHIRQLFD
6$ 7KRPVRQ &RUSRUDWLRQ 7K\VVHQNUXSS $* 7RWDO )LQD (OI 7R\RWD 0RWRU &RUSRUDWLRQ
8QLOHYHU 8QLWHG 7HFKQRORJLHV &RUSRUDWLRQ 9HROLD (QYLURQPHQW 6$ 9LYHQGL 8QLYHUVDO
9RGDIRQH9RONVZDJHQ*URXS9ROYR$%:DO0DUW6WRUHV:33*URXS3OF;VWUDWD3OF
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$SSHQGL[E&RXQWU\RIRULJLQDQGLQGXVWULHVRIWKHH[DPLQHGILUPV

&RXQWU\ 1XPEHURIILUPV ,QGXVWU\ &ODVVLILFDWLRQ
1XPEHU RI
ILUPV
$XVWUDOLD  %HYHUDJHV &,%6 
&DQDGD  %XVLQHVVVHUYLFHV .,%6 
&KLQD  &KHPLFDOV .,%6 
)LQODQG  &RQVWUXFWLRQPDWHULDOV &,%6 
)UDQFH  &RQVXPHUJRRGVEUHZHUV &,%6 
*HUPDQ\  'LYHUVLILHG .,%6 
+RQJ.RQJ&KLQD  (OHFWULFDODQGHOHFWURQLFHTXLSPHQW .,%6 
,UHODQG  (OHFWULFLW\JDVDQGZDWHU &,%6 
,WDO\  )RRGEHYHUDJHVDQGWREDFFR &,%6 
-DSDQ  ,QGXVWULDOWUXFNVWUDFWRUVWUDLOHUVDQGVWDFNHUV &,%6 
5HSXEOLFRI.RUHD  'HDOHUVRIOXPEHUDQGRWKHUEXLOGLQJPDWHULDOV &,%6 
0DOD\VLD  /X[XU\JRRGV &,%6 
0H[LFR  0DFKLQHU\DQGHTXLSPHQW .,%6 
1HWKHUODQGV  0HGLD .,%6 
1RUZD\  0HWDODQGPHWDOSURGXFWV &,%6 
6LQJDSRUH  0LQLQJDQGTXDUU\LQJ &,%6 
6SDLQ  0RWRUYHKLFOHV .,%6 
6ZHGHQ  1RQPHWDOOLFPLQHUDOSURGXFWV &,%6 
6ZLW]HUODQG  3HWUROHXPH[SOUHIGLVWU &,%6 
8QLWHG.LQJGRP  3KDUPDFHXWLFDOVFKHPLFDOV .,%6 
8QLWHG6WDWHV  3ULQWLQJDQGSXEOLVKLQJ &,%6 
  5HVWDXUDQWV &,%6 
  5HWDLO &,%6 
  7HOHFRPPXQLFDWLRQV .,%6 
  7REDFFR &,%6 
  7UDQVSRUWDQGVWRUDJH &,%6 
  7UDQVSRUWHTXLSPHQW &,%6 
  :DWHUVXSSO\ &,%6 
  :KROHVDOHWUDGH &,%6 


$SSHQGL[7LPHGHSHQGHQWFRQGLWLRQDOHIILFLHQF\PHDVXUHV
/HWPXOWLQDWLRQDOILUP¶VSURGXFWLRQSURFHVVFKDUDFWHUL]HGE\WKHXWLOL]DWLRQRIDVHWRI
LQSXWVܺ א Թା௣ LQRXUFDVHWRWDOHPSOR\HHVDQGWRWDOIL[HGDVVHWVLQWRDVHWRIRXWSXWVܻ א Թା௤ 
LQRXUFDVHWRWDOVDOHV7KHQOHWWKLVSURFHVVWREHDIIHFWHGE\HQYLURQPHQWDOYDULDEOHVܼ߳Թାௗ 
LQRXUFDVHWKHILUPV¶PXOWLQDWLRQDOLW\OHYHOV7KHQDFFRUGLQJWR&D]DOVHWDO'DUDLR
DQG6LPDUDEDQG%ăGLQHWDOWKHXQFRQGLWLRQDODWWDLQDEOHVHWRIWKH
IHDVLEOH LQSXWV DQG RXWSXWV Ȱ ൌ ൛ሺݔǡ ݕሻ א Թା௣ା௤หݔܿܽ݊݌ݎ݋݀ݑܿ݁ݕൟ FDQ EH FKDUDFWHUL]HG E\Ȱ ൌ ൛ሺݔǡ ݕሻ א Թା௣ା௤หܪ௑ǡ௒ሺݔǡ ݕሻ ൐  ?ൟ  ZKHUH ܪ௑ǡ௒ሺݔǡ ݕሻ ൌ ܲݎ݋ܾሺܺ ൑ ݔǡ ܻ ൒ ݕሻ 7KHQ WKH
RXWSXWRULHQWHGXQFRQGLWLRQDOWHFKQLFDOHIILFLHQF\OHYHORIDILUPRSHUDWLQJDWሺݔǡ ݕሻOHYHOFDQ
EHGHILQHGDVߣሺݔǡ ݕሻ ൌ ݏݑ݌ሼߣȁሺݔǡ ߣݕሻ א Ȱሽ ൌ ݏݑ݌൛ߣȁܵ௒ȁ௑ሺߣݕȁݔሻ ൐  ?ൟ   $
$VEHHQLQWURGXFHGE\0DVWURPDUFRDQG6LPDUOHWWLPHܶDVDQDGGLWLRQDOFRQGLWLRQLQJ
YDULDEOHDORQJVLGHZLWKWKHHQYLURQPHQWDOYDULDEOHܼ LQWURGXFHGEHIRUHDQGIRUHYHU\WLPH
SHULRGݐRIRXUDQDO\VLVWKHDWWDLQDEOHVHWFDQEHUHGHILQHGDVȰ௧௭ ؿ Թା௣ା௤DVWKHVXSSRUWRIWKH
FRQGLWLRQDOSUREDELOLW\ܪ௑ǡ௒ȁ௓௧ ሺݔǡ ݕȁݖሻ ൌ ܲݎ݋ܾሺܺ ൑ ݔǡ ܻ ൒ ݕȁܼ ൌ ݖǡ ܶ ൌ ݐሻ   $
7KHQWKHFRQGLWLRQDOWLPHGHSHQGHQWRXWSXWRULHQWHGWHFKQLFDOHIILFLHQF\PHDVXUHRID
PXOWLQDWLRQDO ILUP RSHUDWLQJ DW ሺݔǡ ݕሻ א Ȱ௧௭ OHYHO DW WLPH ݐ IDFLQJ WKH FRQGLWLRQVݖ FDQ EH
GHILQHGDV
ߣ௧ሺݔǡ ݕȁݖሻ ൌ ݏݑ݌ሼߣȁሺݔǡ ߣݕሻ א Ȱ௧௭ሽ ൌ ݏݑ݌൛ߣȁܵ௒ȁ௑ǡ௓௧ ሺߣݕȁݔǡ ݖሻ ൐  ?ൟ 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
ZKHUHܵ௒ȁ௑ǡ௓௧ ሺݕȁݔǡ ݖሻ ൌ ܲݎ݋ܾሺܻ ൒ ݕȁܺ ൑ ݔǡ ܼ ൌ ݖǡ ܶ ൌ ݐሻ
)LQDOO\ E\ IROORZLQJ 'DRXLD DQG 6LPDU  WKH XQFRQGLWLRQDO DQG WKH WLPHGHSHQGHQW
FRQGLWLRQDORXWSXWRULHQWHGTXDQWLOHUREXVWHIILFLHQF\PHDVXUHVIRUߙ א ሺ ?ǡ ?ሻFDQEHGHILQHG
DV
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*LYHQWKDWZHKDYHDSDQHOGDWDRI൫ݔ௜ǡ௧ǡ ݕ௜ǡ௧ǡ ݖ௜ǡ௧൯IRU݅ ൌ  ?ǡ ǥ ǡ ݊DQGݐ ൌ  ?ǡ ǥ ǡ ݏZHFDQXVH
WKHIROORZLQJ'($HVWLPDWRUVLQRUGHUWRHVWLPDWHWKHXQFRQGLWLRQDODQGFRQGLWLRQDODWWDLQDEOH
VHWV$VVXPLQJFRQYH[LW\DQGIUHHGLVSRVDELOLW\RILQSXWVDQGRXWSXWVWKH'($HVWLPDWRUVIRU
FDOFXODWLQJ$DQG$FDQEHSUHVHQWHGDV
Ȱ෡ ஽ா஺ǡ௏ோௌ ൌ ቊሺݔǡ ݕሻ א Թା௣ ൈԹା௤ หݕ ൑  ? ௝߱ݕ௝Ǣ ݔ ൒  ? ௝߱ݔ௝௝ୀሺ௜ǡ௧ሻ Ǣ௝ୀሺ௜ǡ௧ሻ߱ ൒  ?ݏǤ ݐǤ  ? ௝߱ ൌ  ?௝ୀሺ௜ǡ௧ሻ  ቋ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$
ZKHUH ࣤሺ݅ǡ ݐሻ ൌ ൛݆ ൌ ሺ݅ǡ ߭ሻȁݖ െ ݄௭ ൏ ݖ௜ǡజ ൏ ݖ ൅ ݄௭Ǣ ݐ െ ݄௧ ൏ ߭ ൏ ݐ ൅ ݄௧ൟ DQG ݄௭݄௧ DUH WKH
DSSURSULDWHEDQGZLGWKVEDVHGRQWKHGDWDGULYHQPHWKRGLQWURGXFHGE\%ăGLQHWDO
)RU WKH DGGLWLRQDO XQFRQGLWLRQDO DQG FRQGLWLRQDO HVWLPDWRUV RI WKH 2UGHUĮ PHDVXUHV WKH
LQWHUHVWLQJ UHDGHU FDQ IROORZ WKH DOJRULWKPV SUHVHQWHG LQ 'DRXLD DQG 6LPDU  DQG LQ
'DUDLRDQG6LPDUD




            
 7RWDODVVHWVLQPLOOLRQ86GROODUV±,QSXW
0D[
























0LQ















 






0HD
Q
























6WG















 






 7RWDOQXPEHURIHPSOR\HHV±,QSXW
0D[            
0LQ            
0HD
Q            
6WG            
 7RWDOVDOHVLQPLOOLRQ86GROODUV±2XWSXW


7DEOH'HVFULSWLYHVWDWLVWLFVRIWKHYDULDEOHV

0D[
























0LQ            
0HD
Q
























6WG
























 'HJUHHRIPXOWLQDWLRQDOLW\71,SHUFHQWDJH±([RJHQRXVYDULDEOH
0D[            
0LQ            
0HD
Q            
6WG            



)LJXUH'LDFKURQLFUHSUHVHQWDWLRQRIILUPV¶PHDQWHFKQLFDOHIILFLHQF\HVWLPDWHV

D

E 

)LUPV
SHUIRUPDQFH)XOOIURQWLHU









           
<HDUV
7H
FK
QLF
DO
HII
LFL
HQ
F\
HV
WLP
DWH
V
9560HDQ
9566WG
)LUPV
SHUIRUPDQFH5REXVWIURQWLHU









           
<HDUV
7H
FK
QLF
DO
HII
LFL
HQ
F\
HV
WLP
DWH
V
2UGHUĮ0HDQ
2UGHUĮ6WG


)LJXUH7KHHIIHFWRIPXOWLQDWLRQDOLW\RQILUPV¶SHUIRUPDQFH

D E
F

G


H
I

